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SUMMARY 

Tests were conducted to determine the interference effects of vari- 
ous sting-support configurations on the base pressure and foredrag charac- 
teristlcs of a wing-fuselage combination tith a turbulent boundary layer 
over the after portion of the fuselage. 

The primary variable lnvestlgated was the length of the conatant- 
diameter portion of a sting support. The sting-strppo-rt diameter was 
0 l 99 moCksL*as.g--.+~mc3ers and terminated in a conical afterbody with a 
half-angle of 8 . The teet Mach number range was from 0.60 to 1.30 and 
the Reynolds number based. on model length was 5.4~l.O~. 

It was found that if the constant-timeter portion of the sting was 
sufficiently long to eliminate "length" interference effects to base 
pressure and foredrag at high subsonic speeds, M z 0.9, then for all 
higher Mach numbers within the range of these tests, the length interfer- 
ence effects were zero. It W&E further shown that change8 fn angle of 
attack had little effect upon the length interference effects to both 
base pressure and foredrag. 

Foredrag data free of length interference effects were achieved with 
a coqg&&i&iiam&er stLnglen&h of3Lo.u..mod,&~ba~e~diamett~~ for &ch 
numbers of 1.025 and Eeater. 
t6 length interference 

For wzera lesg thanl.025, although 
effecta were 8 ,aatinglengthlongerthan 

four model-base diameters would-be requked to completely eliminate length --._ 
interference. 

A special test using a rear eting sup 
B 

art consisting of a sting to 
model-baae-diameter ratio of 0.932 and a 1 half-angle conical afterbody 
beginning at the base of the model showed no interference effects on 
foredrag at and above a Mach numb&c of 1.075 and only alight effect at 
Mach numbers less than 1.075. 



2 MACA RM A54Kl6a 

INTRODUCTION . ' 

hterference to the flow about models tested in wind tunnels can 
result from the presence of winditunnel walls and from the mechaniem 
required to support the model. This interference to the flow can present 
serious difficulties in the interpretation of the experiment-al data. The 
support of models from the rear by means of sting supports is widely used 
inhigh-speedwindtunnels. At supersonic Mach numbers of 1.5 and above, 
sufficient experimental data are available to permit the design of sting 
supports having negligible interference on base pressure and foredrag 
(ref. 1). However, in the transonic range adequate design information is 
lacking. 

4 

A common type of sting support consists of a constant-diameter st@g __ ._. _-.- ._.-.- 
followed by a conical-afterbody termina ting in a cylindrical support. It 
has been-shown in reference 2 that the interference resulting from this 
type of sting support may be separated into two classes. These sre, first, 
the interference to the flow resulting from the presence of the constant- 
diameter sting, referred to as "diameter" effect and, second, the inter- 
ference to the flow resulting from the proximity to the model base of the 
conical afterbody, referred to as "length" effect. The present analysis 
is concerned primarily with the length effect on base pressure and fore- 
drag when the sting diameter, the cone angle, the cylindrical-support 
diameter, and the Reynolds number are held constant. Consideration was 
also given to the effect on base pressure and foredrag of a lo tapered 
sting and a g-percent reduction in sting diameter. All of the data were 
obtained in the transonic speed range (M = 0.60 to 1.30) at a Reynolds 
number of 5.&L@, based on model length, with a turbulent boundary layer . 
ahead of the base of the model. 

SYMBOLS 

a maxinazm radius of fuselage 

b length of fuselage including portion removed to accommodate 
sting 

total chord-force coefficient, chord force 
90% 

base-drag coefficient, base drag 
so% 

forebody chord-force coefficient, CC - C 
?B 

diameter of model base 
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diameter of sting 

length of conicalafterbody 

length of constant-diameter sting between the model base and 
the conical afterbody 

free-stream Mach number 

pressure coefficient, ' - PO 
Qo 

base-pressure coefficient, ?6 - PO 
90 

static pressure 

base pressure 

free-stream static pressure 

free-stream dynamic pressure, $ PJo2 

radius of sting, 4 

local cross-sectional area of conical afterbody 
ds 
ag 

totalwdng area including that blanketed by fuselage 

free-stream velocity 

coordinates 

angle of attack 

m 

cone ha.U-angle 

variable of integration along x axie when (x,y) is the 
point for which the pressure is being computed 

Free-stream mass density 
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APPARATUS AND TEST METHODS 

These tests were conducted in the Ames 2- by e-foot trsnsonic wind 
tunnel. This facility is a variable-density tunnel equipped tith a 
flexible-plate nozzle and perforated test-section walls which permit 
operation through the Mach number range of 0.60 to 1.30. 

The model used in this Investigation was a boattailed body of revolu- 
tion with a trapezoidal-plan-form wing of symmetric circular-arc section 
(fig. 1). The stLng supports used were obtained by modifying the basic 
sting support shown In figure 2(a), The primary test configuration con- 
sisted of a constant-diameter sting of length, 2 with a conical afterbody 
of half-angle equal to 8O as shown Jn figure 2(bj. In order to obtain 
length effects the location of the model ti the wind-tunnel was fixed 
andthe coticalafterbodywas moved foreendaftto varythelength of 
the constant-diameter atfng. Two additional support configurations were 
used. These were the lo tapered sting (fig. 2(c)) and the basic sting 
support (fig. 2(a)). 

Chord-gorce andobase-pressF e measurements were made for angles of 
attack of 0 and 8.7 . At 16.4 angle of attack, only base-pressure 
measurements were made. The boundary layer was determined to be turbu- 
lent over the after portion of the fuselage by visual observation of the 
rate of drying of a luminescent lacquer. This method is described in 
reference 3. The Mach number range of these tests was 0.60 to 1.30 and 
the Reynolds number based on model length.was held constant at 5.4xlOe. 

Accuracy of the base-presslu'e coefficient measurements is estimated 
to be iO.005 at an average tunnel stagnation pressure of 13-l/2 pounds 
per square inch. Chord-force-coefficientmeasurements are estimated to 
have an accuracy of kO.OOO5. The free-stream Mach number was preset to . 
within 40.0025 of the desired values. The deflection of the sting and, . . . . . L. : 
therefore, the model angle of attack, &a&ed with Mach-number due to the 
varyLng aerodynamic logd. 
8.70 and f1/2O at 16.4 , 

These changes,'which did not exceed *l/4' at 
have no effect on the conclusions made Ln this 

report so that for simplicity all data will be referred to by their nomF- 
nal angle of attack. 

RESmS AND DISCUSSION 

The parameters used in this report to demonstrate the sting-support 
interference effects sze d/?s and ~/DB, that is, diameter effect and 
length effect, respe&ively.l 
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Base-Pressure Interference 

Effect of z/~g (8 = B”, d/I& = 0.932).- The data of figure 3 show 
that at subsonic speeds for all angles of attack tested the base pressure 
continued to decrease with increasdng'length of the constant-diameter 
sting for the full range-of sting lengths tested. Thus, even for the 
longest sting, some interference attributable to the presence of the 8O 
conical afterbody existed. This result is to be expected since at sub- 
sonic speeds the presence of the cone maJres itself felt far upstream. In 
the vicinfty of M = 1.0 the variation of base pressure as a function of 
GE3 -was similar to that at subsonic speeds. 

An adaptation of the theory of reference 4, presented in the appendix, 
has been used to estimate the interference effect of the 8' conical after- 
body upon the base pressure at zero angle of attack. The variation of 
pressure coefficient at the position of the model base with changes in 
length of the constant-diameter sting was calculated for subsonic M&h 
numbers. This cakulated variation is compsred in figure 3 with the 
experimentally determzined varFation of base-pressure coefficient with 
varying Z/DB ratios. Of course, numerical agreement would not be 
expected since the theory neglected the presence of the model. However, 
if Tt is assumed that the influence of the model is a constant, then a 
suitable theory should predict a curve parallel to the experimental values. 
Because of the good agreement shown in figure 3, it is felt that the theory ' 
can be used to estimate the length effect for conical afterbodies in the 
high subsonic speed range. 

. 

In supersonic flow, interference to base pressure from the conical 
portion of the sting support results from the fact that the pressure rise 
associated with the shock wave ahead of the conical afterbody is trans- 

, mitted upstream through the model wake. The critical Z/Q ratio is 
defTned as the .minimum Z/Dg at which any further increase in sting 
length no longer affects the base pressure. As shown by the data of 
figure 3, the critical value of Z/IQ in general decreases with increas- 
ing bkch number. 

Increasing the angle of attack had little effect on the critical 
Z/Dg ratio at &ch numbers of 1.10 and above as shown by the data of 
figure 3. This is in weement with the conclusion made in reference 1 
wherein, based upon results of tests made at M = -1.93, it was concluded 
that @Lng supports designed to have small effect upon base pressFe at 
a = 0 may be expected to have equally small effects up to u = 60 . 

Effect of a/r&j ( ~~ -8 =-3.5', a/m = 0.855, z/m = 
of the base pressure for d/m ratios of 0.932 and 0.855 
cates that a diameterointerfer~ce effect is present in all of the data 
of figure 3 at both 0 and 8.7 angles of attack and over the 
Mach number range of these tests. Furthermore, the magnitude cf this 

. 
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diameter effect appears to be rel'atively unaffected by Mach number. This 
demonstrates the need for tests covering-the complete range of d/Dg 
ratios to determine the diameter effects on base pressure in the transonfc 
speed range. 

. 

5 

Tapered stdng tests (6 = lo, d/Dg = 0.932, Z/Dg m O),- The base 
pressure was measured with the modelosupporte$ on a lo tapered sting 
(fig. 2(c)) at angl es of attack of 0 and 8.7 . The data are presented 
in figure 3 for comparison. 

The lo tapered stFng can be consIdered as producing a diameter effect, 
since the sting diameter increases in the region of separated flow behind 
the model. References 2 and 5 show a trend of increasing base pressure 
with increasing sting diameter above a d/Dg ratio of 0.85 at a Mach num- 
ber of 1.5. The base-pressure data obtatied from tests tith the lo tapered 
sting (effective d/B- > 0.932) and the two constant-diameter stings . 
(d/Dg =. 0.932, 0.855) at an Z/Dg = 4.61 indigate a siV)ilar trend. 
Furthermore, this trend was present at both 0 and 8.7 angles of attack 
throughout the range of Mach numbers tested. 

Foredrag Interference 

For many cases such as aircraft development work the aerodynamicist 
is interested in foredrag rather than total drag and therefore base-drag 
interference of a strzlg support becomes unimportant. In the low super- 
sonic speed range as the Z/Dg ratio is decreased, first base pressure 
and then forebody chord force Is affected by the proximfty of the conical 
afterbody as shown by comparison of the data in figures 3 and 4. There- 
fore, a sting support designed to eliminate the support length effects on 

foredrag only could be shorter than that designed to eliminate these 
effects on base pressure, thereby providing greater load capacity. This 
is an important consideration if a model is to be tested at high angles 
of attack or high Reynolds numbers. 

Effect of Z/Q (8 = 8' d/m = 0.932).- The following forebody chord- 
force results are s?Lmilar to those obtained from analysis of the base- 
pressure data. This is to be expected because the mechanism by which the 
conical afterbody influences both base pressure and forebody chord force 
is essentialJy the same. In the subsonic speed range the data in figure 
4 show that length interference effects on forebody chord force apparently 
existed at all Z/Dg ratios tested. The variation of forebody chord 
force as a function of Z/Dg showed no unusual trends in the vicinity of 
M = 1.0. At supersonic speeds the critical value of Z/Dg Is reached at 
successively lowgr values with increasing Mach number. Achangeofangle 
of attack from 0 to 8.70 had little effect on the length interference 
effects over the Mach number range tested. On the basis of these results 
an Z/Dg ratio of 4 amears adequate-for makzIng the forebody chord-force 

. 

. 

.L 

. 

4 
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interference small within the Mach number range of 0.60 to 1.30 for the 
model tested. A practical size sting support will probably always give 
some interference in the high subsonic speed range. 

Effect of d/DR (6 = 3.5O, d/Dg = 0.855, Z/RR = 4.61).- The data of 
figure-k show that throughout the test Mach number range there was little 
or no chasge in forebody chord force resulting from reducing the 
ratio from 0.932 to 0.855 at an Z/RR of 4.61. 

d/Dg 
Furthermore, as has been 

mentioned, the data obtained tith the lo taper4. sting can be considered 
as representing an effective diameter greater than 0.932, and these data 
are in agreement with the preceding results at and above a Ikch number.of 
1.075. These comparisons are indicative of forebody chord-force results 
which are free of diameter effects, and therefore are free of all inter- 
ference effects from the sting support when Z/RR is above the critical 
value. Thfs observation is in accord-with results presented in reference 
5. Specifically, in this reference it was found from tests of a similar 
body of revolution that for a Reynolds number of 5flOS or for tests at 
a lower Reynolds number tith a turbulent boundary layer induced by a 
roughness strip on.the nose of the model, that no effect on foredrag of 
reducing the d/E-R ratio fra 0.96 to 0.44 was evident at a Mach number 
of 1.50. If it is assumed that the difference in Mxh number (1.30) of 
the present report and that of the reference report (1.50) negligibly 
affects the interference effects, then it is believed that the turbulent 
boundary layer of the present tests would preclude any diameter effects 
on the foredrag. However, further tests are needed in the transonic 
speed range to prove this conclusively. 

.Tapered sting tests (e = lo, Z/DB = 0, d/Dg = 0.932).- The data of 
figure 4 allow covisons of the interference effects on forebody chord 
force of a lo tapered sting to that of an 8' conical @terbody. Although 
there is considerable scatter in the values for the 1 sting, the data sre 
in agreement above the critical I/% ratio at Mach numbers of 1.075 and 
higher. Since it has been shown for the 8O conical afterbody that the 
forebody chord force is free of interferenceofromthe sting support above 
the critical Z/Dg, then the data from the 1 tapered sting also appears 
to be interference free. Below a Mach number of 1.075 interference from 

the lo tapered sting is evident to a ~~11 degree. 

An obtious advantage can be gaked Ln structural strength by employ- 
Ing tapered stings. However, it is yet to be detwed. what l/I& would 
be required ti order to reduce the subsonic interference effect due to the 
lo tapered sting to a level comparable tith that of a sting support tith 
an z/m of4and 8=8O. 

. 
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cCNCLusIONa 

Tests were made of a wing-body model to determine the interference 
effect of various sting-support configurations (consisting of a constant- 
diameter sting follotid by & conical afterbody) on the base pressure and 
forebody chord force. The-boundary layer was turbulent over the after 
portion of the fuselage. The tests were.conilucted over a range of Mach 
numbers from 0.60 to 1.30 at a constant Reynolds number of 5.4x106 based 
on fuselage length. 

. 

1. The interference to base pressure and foredrag due to the coni- 
cal afterbody at high subsonic speeds was found to exceed that encountered 
at all higher speeds tested. 

2. There was little effect of angle of attack on base pressure snd x 
foredrag interference due to the conical:afterbody. 

39 The length of constant-diameter sting, preceding an 8' half- 
angle conical support, that will yield foredrag results free of length 
interference effects is four model base diameters for Mach numbers of 
1.025 and greater. For Mach numbers less than 1.025, al@?&@ the length 
interference effects are small, a sting length longer tha?Ffour model base 
diameters would be required to e liminate length interference effects. 

4. Foredrag results that are free of sting-support interference were 
obtained at and above a Mach number of 1.075 from a sting suppoq con- 
sisting of a sting to model-base diameter ratio of 0.932 and a 1 half- 
angle conical afterbody beginning at the base. of the model. 

Ames Aeronautical kboratory 
National Advisory CotmmLttee for Aeronautics 

Moffett Field, Calif., Nov. 16; 1.954 
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The purpose of thie snalysfs is to estimate, for subsonic speeds, 
the interference to the model base pressure resulting from the presence 
of a conical afterbody on the sttig. Ln order to siqlffy the problem, 
the presence of the model is neglected. Therefore, the calculated pres- 
sure coefficient would not be expected to agree ti.magnitude with the 
measured base-pressure coefficient but would be expected to indicate the 
variation with the distance of the conical afterbody from the location 
of the base of the model. 

The subsonic flow about any body of revolution is given to the first 
order by equation 12 of reference 4. 

03 

1 
%Y> = - zi - [(x - 5)2x+-(py;2y3/~ s 

S'(.g( e) 5 

The sting'support canbe approximatedbya semi-infinite length 
sttig followedby a conical afterbodyoflength L terminating ina 
semi-infinite length support, as shown in the folloxing sketch: 

. 

Y 

(1) 

In this sketch -2 and r represent a point on the sting in the (x,y) 
plane at which the pressure coefficient will be conrputed. To evaluate 
the integral it is first necesssry to determine S'(e) from -UI to 00. 
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-aJ<x<o s*(g) = 0 

O<x<L SW = 25Etan O(r + e tan 8) 

L<x<=J s*(g) = 0 

With the substitution of S*(t) into equatfon (1) and denoting a point on 
the sting by (Z,r), the integral becomes 

'(2 ,r> =-tan0 
s 

L(r + E tan d(z - [)dk 
o Hz - 512+ h>213'2 (21 

As a result of factorim (8r)2 from the denomdnator and making the aub- 
stitution of -Z = Z-e/ir; e&ation (2) can be wrltten 

+ 

L-Z 
pr 

P(Z,r) = =y. (1 + 4 tsJl El) 
s _ (z" + 1)3'2 

Equation (3) can be integrated to give the pressure 
of Mach number M, cone angle 8, length of conical 
of sting r;and length of constant-diameter sting 

f T 

(3) 

coeff&.ent in ter& 
afterbody L, radius 

[ 
L 2 ( > --- 

tan2s sinh-= 
r r -1 ( 

-2 
77 

-sinh - 
B P i 

(4) 

The validity of equation (4) depends on the ~inh-~ function being posf- 
tive. Therefore, the equation is only applicable for negative values 
of 1. Furthermore, for values of 2 approaching. zero the small pertur- 
bation assumption of the theory is violated. 2 figure 3, P(z,r) is 
plotted as a functfon of Z/Dg, where DD =. 

***.-a *); & 7qET 
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Equation of fuselage radii 

4 All dimensions in inches 

a = 0.794 
b=l9.83 

Aspect ratio- -------------------3.1 

Wing 

Taper ratio -_______ ----------Oo.39 

Airfoil section (streamwise) 3-percent-thick, biconvex 
Total area, square inches-- - - - - - - - - 38.81 

I I 
- 

--f-t’ 
1 
t 

X 

,’ 

L 

. 4 

‘Conical afterbody 

Sting /-, \ 

Figure I.- Plan view of the model mounted on a rear sting support. 

Cylindrical support1 
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Model 

t+p3-i 
(a) Basic sfing support. 

A- =a932 
k= 0.855 Sleev 

DB 
\ 1’ / 

(b) Basic support with sleeve and .8” conical aftetbody. 

ICI Basic support with to tapered sting. 

Figure 2. - Sting supports. 
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Figure 3.- Effects upon base-pressure coefficient of the ratio of sting length to model-base diameter. 
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Figure 3.- Continued. 



I , 

.2 

0 

I 

.2 

P, 
0 

. .2 

. ‘. 

,p; ( :,, )‘- 

:, ; 
c 

o 

0 

-.2 
0 2 4 6 

. 

Nominal aa8.7’ 

a - I 
* * 

0 

-.2 
0 2 4 6 

I 
DB 

Figure 3.- Concluded. 

Nominal Q =16.4” 
.e 

-.2 
0 2 4 6 8 



18 

0 $g=O.932, 8=8O 
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denote additional data at 
same test conditions 

Nominal c~e8.7~ . 
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.Ot8 ,018 
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De 

- 

Figure 4.- Effects upon forebody chord-force coefficient of the ratio of 
sting length to model-base diameter. 
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Figure 4.- Conctuded. 
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